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1. 

SYSTEMAND METHOD FOR FILLING 
AVAILABLE AIRSPACE WITH AIRPLANES 

PRIORITY CLAIMAINCORPORATION BY 
REFERENCE 

This application claims the benefit of U.S. Provisional 
Patent Application 60/847,695 filed on Sep. 28, 2006 and 
entitled SYSTEMAND METHOD FOR FILLING AVAIL 
ABLE AIRSPACE WITH AIRPLANES” and is expressly 
incorporated herein, in its entirety, by reference. 

BACKGROUND INFORMATION 

Airport delays may becaused by a variety of factors includ 
ing weather, equipment failure, lack of gates, flight overload 
or general inefficient operation. In order to reduce airport 
delays, airlines and airport operators need to gain efficiency 
wherever possible. 

SUMMARY OF THE INVENTION 

A method for determining a minimum spacing requirement 
for each of a plurality of aircraft landings, determining an 
actual spacing for each of the plurality of aircraft landings, 
calculating an efficiency score based on the actual spacing 
and the minimum spacing requirements for the plurality of 
aircraft landings and displaying the efficiency score to a user. 
A system having a calculation arrangement receiving a 

minimum spacing requirement and an actual spacing for each 
of a plurality of aircraft landings and calculating an efficiency 
Score based on the actual spacing and the minimum spacing 
requirements for the plurality of aircraft landings and a data 
distribution arrangement for generating a displayable file and 
distributing the efficiency score to users of the system. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shows an exemplary system according to the present 
invention. 

FIG. 2 shows a first exemplary method for calculating an 
efficiency score for aircraft spacing according to the present 
invention. 

FIG. 3 shows a second exemplary method for calculating 
an efficiency score for aircraft spacing according to the 
present invention. 

DETAILED DESCRIPTION 

The exemplary embodiments of the present invention pro 
vide an airport efficiency monitoring system for delivery of 
information via a communication network which may be, for 
example, the Internet, a corporate intranet, etc. The informa 
tion that is provided to the users (e.g., via a graphical user 
interface such as a World Wide Web browser) includes an 
efficiency value relating to an amount of airspace that is being 
used in the vicinity of an airport. The exemplary embodi 
ments of the present invention are described as a web based 
system; however, those skilled in the art will understand that 
there may be any number of other manners of implementing 
the present invention in embodiments that are not web based. 
The present invention may be further understood with refer 
ence to the following description and the appended drawings, 
wherein like elements are referred to with the same reference 
numerals. 

FIG. 1 illustrates an exemplary system 1 according to the 
present invention. A data capture arrangement 10 obtains data 
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2 
relating to the operation of a plurality of aircraft 20, 22, 24, 26 
and 28. In this exemplary embodiment, the data capture 
arrangement 10 may include one or more Passive Secondary 
Surveillance Radar (“PSSR) systems. A PSSR system may 
be, for example, the PASSUR(R) system sold by Megadata 
Corporation of Greenwich, Conn. Data collected by the data 
capture arrangement 10 may include, but is not limited to, a 
location of arriving aircraft. Those skilled in the art will 
understand that the exemplary embodiments are described 
with reference to a PSSR system. However, the present inven 
tion is not limited to collecting location data using a PSSR 
system. The data capture arrangement may be any system that 
collects, directly or indirectly, location data on aircraft 

With the exception of many small airports that serve gen 
eral aviation, larger airports generally have a Secondary Sur 
veillance Radar (“SSR) system. SSR includes a rotating 
radar that sends interrogation signals at a frequency of 1030 
MHz to aircraft in the vicinity of the airport. Transponders 
aboard aircraft respond to the interrogations by transmitting a 
response signal back to the radarata frequency of 1090 MHz. 
In addition to the SSR, a PSSR may be sited near the airport 
grounds. PSSR may include two antenna systems: a fixed, 
directional high gain 1030 MHz antenna aimed toward the 
SSR for receiving the interrogation signals; and a stationary 
array of directive antennas arranged in a circle to detect the 
1090 MHz responses from the aircraft transponders. PSSR's 
may be placed at known distances and directions from a 
corresponding SSR. 

Using the time relationships between received signals, i.e., 
the interrogations and responses, the known distances from 
the SSR, and the known direction from each PSSR to the SSR, 
the PSSR determines the location of aircraft relative to a 
reference location, e.g., the airport. Response signals from the 
aircraft received by PSSR include Mode A transponder bea 
consignals, Mode C transponder beacon signals and Mode S 
transponder beacon signals. The Mode A signal comprises a 
four (4) digit code which is the beacon code identification for 
the aircraft. The Mode C signal additionally includes altitude 
data for the aircraft. The Mode S signal is either a 56 bit 
Surveillance format having a 32bit data/command field and a 
24 bit address/parity field or a 112-bit format allow for the 
transmission of additional data in a larger data/command 
field. PSSR receives the beacon code and altitude data from 
the received signals and calculates aircraft position (e.g., 
range, azimuth) and ground speed based on the timing of the 
receipt of the signals and the known radar locations. Thus, 
position information or target data points for each of the 
aircraft is derived based on the physical characteristics of the 
incoming signals, rather than based on position data con 
tained in the signal itself. 
The data capture arrangement 10 conveys some or all of the 

recorded data to a processing unit 30. The processing unit 30 
may be, for example, a standard PC based server system 
running an operating system Such as LINUX. Those skilled in 
the art will understand that any computing platform may be 
used for the processing unit 30. The processing unit 30 ana 
lyzes the raw data from the data capture arrangement to 
determine one or more results requested by users 60-62. 

In one exemplary embodiment, the data collected by the 
passive radar is used to calculate an efficiency score relating 
to aircraft separation. Arriving aircraft must maintain a mini 
mum separation for safety reasons. However, any additional 
space above the minimum separation results in inefficient 
operation because more aircraft could be placed in the land 
ing pattern if the spacing between aircraft were Smaller. Thus, 
the exemplary embodiments calculate an efficiency score to 
measure the aircraft separation. 
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A goal of the exemplary embodiments is to use the effi 
ciency score to provide perfect data and high demand. Perfect 
data indicates that the aircraft's position is known precisely at 
any given time. However, in practical application, it is not 
always possible to know the precise location of an aircraft. 
Thus, the exemplary embodiments factor in an error bound 
ary in the efficiency score calculation. High demand means 
that there are no gaps caused by a lack of an aircraft to fill 
empty space. For example, there may be periods of low 
demand (e.g., late at night). It is not essential to have a high 
efficiency score at these times because even if the available 
aircraft were closer together, gaps in the landing pattern may 
still occur because there are just not enough aircraft that are 
attempting to land at these low demand times. 

FIG. 2 shows a first exemplary method 100 for calculating 
an efficiency score. In step 110 aircraft location data is col 
lected over a defined time interval. The time interval may be 
based on any number of factors. For example, the time inter 
Val may be defined as any contiguous time block Such as 1 
hour, 3 hours, 5 hours, etc. In another example, the time 
interval may be defined in terms of a number of aircraft 
landings such as 50 landings, 100 landings, etc. In a further 
example, the time interval may be based on a period of use 
Such as a defined high demand period such as between 8 am 
and 8 pm. In another exemplary embodiment, a user may be 
able to interact with the system 1 in order to define a time 
interval of interest. Thus, the system 1 will collect and store 
the relevant location data for the aircraft. 

In step 120, the system 1 determines the minimum spacing 
for each landing. Those skilled in the art will understand that 
minimum spacing requirements may change over time based 
on a variety of factors. For example, minimum spacing may 
be based on a weather condition at the airport, a type of 
aircraft, a size of the aircraft, etc. Thus, in step 120, for the 
defined time period, the system 1 will determine the mini 
mum spacing requirements for each landing. In step 130, the 
minimum spacing requirements for each landing in the 
defined time period are Summed. 

In step 140, the system 1 will determine the actual spacing 
between the aircraft landings using the collected data. In step 
150, the actual spacings are Summed in a manner similar to 
the Summation of the minimum spacing requirements in step 
130. Finally, in step 160 the efficiency score is calculated by, 
for example, by dividing the sum of the minimum spacing 
requirements (step 130) by the Sum of the actual spacings 
(step 150). 
The following provides an exemplary calculation using the 

above method 100. In the example calculation, the time inter 
val is defined as 50 landings. It is determined that the mini 
mum spacing for the entire set of the 50 landings is a constant 
2.5 miles. Thus, the Sum of the minimum spacing require 
ments for the defined time interval is 125 miles (50x2.5 
miles). The actual spacings have an average value of 2.9 miles 
based on the collected data. Thus, the sum of the actual 
spacings is 145 miles (50x2.9 miles). The efficiency score 
may then be calculated to be 0.862 or 86.2% (125 miles/145 
miles). 

Thus, a user of system 1 may then use the calculated 
efficiency score to implement changes to improve efficiency 
if the score is below a predetermined threshold. For example, 
if the efficiency score is below 90% as in the above example, 
the user may contact air traffic control to indicate that the 
landing pattern should be tightened because there is too much 
space between landing aircraft. 
As described above, the calculation of the efficiency score 

may be adapted to ignore those times of the day that are not 
high demand, i.e., where there is not enough aircraft to fill in 
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4 
any gaps in the landing pattern. Thus, a high demand time 
may be defined for the airport and any landings occurring 
outside these defined times may be ignored for the purpose of 
calculating the efficiency score. 
As also described above, the collected location data may 

not be precise. However, the efficiency scores may be 
adjusted in a variety of manners to compensate for imprecise 
location data. For example, it may be assumed that the loca 
tion data has an error of +0.1 miles. When the calculation is 
performed the actual location data may be adjusted by 0.1 
miles in the conservative direction (e.g., if the actual location 
data shows a 2.9 mile gap, it may be adjusted to 2.8 miles) to 
account for any errors in actual position. In another example, 
the threshold for action based on the efficiency score may be 
adjusted to accommodate certain positional inaccuracies. For 
example, instead of setting a threshold for action at 90%, the 
threshold may be set at 88% to account for potential posi 
tional inaccuracies. 

However, in addition to positional inaccuracies, some air 
craft may be missed altogether for a variety of reasons. These 
missed aircraft may substantially change the efficiency score 
and result in an incorrect action being taken. Accordingly, the 
exemplary embodiments may employ error checking proce 
dures to determine if the collected location data is accurate. 

FIG. 3 shows a second exemplary method 200 for calcu 
lating an efficiency score that includes an error checking 
procedure. Steps 210 for collecting data and 220 for deter 
mining minimum spacing requirements may be the same as 
steps 110 and 120, respectively, described above. Similarly, 
step 230 for determining actual spacings may be the same as 
step 140 described above. 

In step 240, a determined actual spacing is checked to 
determine if it is a reasonable value. The reasonableness of 
the value may be checked in the following manner. The sys 
tem 1 may assume that there was an undetected aircraft 
between two detected aircraft. It may assume that the unde 
tected aircraft was a common type for the airport and then 
may calculate a first minimum spacing requirement between 
the first detected aircraft and the undetected aircraft and a 
second minimum spacing requirement between the undetec 
ted aircraft and the second detected aircraft. If the actual 
spacing between the first and second detected aircraft is less 
than the Sum of the calculated first and second minimum 
spacing requirements, it may then be assumed that the actual 
spacing is a reasonable value, i.e., there was no undetected 
aircraft between the detected aircraft. If the actual spacing 
between the first and second detected aircraft is greater than 
the Sum of the calculated first and second minimum spacing 
requirements, it may then be assumed that the actual spacing 
is an unreasonable value, i.e., there was an undetected aircraft 
between the detected aircraft. Those skilled in the art will 
understand that the reasonableness determination of step 240 
may be performed for each actual spacing data. It should be 
noted that the calculation may be varied depending on a 
variety of factors. For example, the determination may be 
based on a percentage of the calculated minimum spacing 
requirements such as an unreasonable value may be if the 
actual spacing is 125% of the Sum of the minimum spacing 
requirements. 

If it is determined in step 240 that the actual spacing data is 
unreasonable, that data may be ignored or removed from the 
efficiency score calculation (step 250). It should be noted that 
the minimum spacing data for that landing should also be 
removed from the sum of the minimum spacing requirements 
(step 260). If it is determined in step 240 that the actual 
spacing data is reasonable, the method continues to step 260 
where the sum of all the minimum spacing requirements 
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corresponding to reasonable actual spacings is calculated. In 
step 270, the Sum of all the reasonable actual spacings is 
determined. The efficiency score is determined in step 280 by 
dividing the sum of the minimum spacing requirements (step 
260) by the sum of the actual spacings (step 270). 

In the preceding specification, the present invention has 
been described with reference to specific exemplary embodi 
ments thereof. It will, however, be evident that various modi 
fications and changes may be made thereunto without depart 
ing from the broadest spirit and scope of the present invention 
as set forth in the claims that follow. The specification and 
drawings are accordingly to be regarded in an illustrative 
rather than restrictive sense. 
What is claimed is: 
1. A method, comprising: 
determining a minimum spacing requirement for each of a 

plurality of aircraft landings; 
determining an actual spacing for each of the plurality of 

aircraft landings; 
calculating an efficiency score based on the actual spacing 

and the minimum spacing requirements for the plurality 
of aircraft landings; and 

displaying the efficiency score to a user. 
2. The method of claim 1, wherein the calculating includes: 
Summing the minimum spacing requirements for each of 

the plurality of landings; and 
Summing the actual spacings for each of the plurality of 

landings. 
3. The method of claim 2, wherein the calculating further 

includes: 
dividing the Sum of the minimum spacing requirements by 

the sum of the actual spacings. 
4. The method of claim 1, further comprising: 
error checking one of the actual spacings; and 
removing the one of the actual spacings from the efficiency 

score calculations if the error checking indicates the one 
of the actual spacings is unreasonable. 

5. The method of claim 4, wherein the error checking 
includes: 

inserting an undetected aircraft between two detected air 
craft corresponding to the one of the actual spacing; 

determining a first minimum spacing between a first one of 
the detected aircraft and the undetected aircraft; 

determining a second minimum spacing between a second 
one of the detected aircraft and the undetected aircraft; 
and 

Summing the first and second minimum spacings. 
6. The method of claim 5, wherein the one of the actual 

spacings is determined be unreasonable ifa value of the actual 
spacing is greater than the Sum of the first and second mini 
mum spacings. 

7. The method of claim 1, wherein the minimum spacing 
requirement is based on one of a weather condition, a type of 
aircraft and an aircraft size. 

8. The method of claim 1, further comprising: 
adjusting the actual spacings based on an assumed error 

value in the data. 
9. The method of claim 1, wherein the plurality of landings 

is based on one of a predetermined time period, a user selected 
time period, a predetermined number of landings and a user 
selected number of landings. 
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10. A system, comprising: 
a calculation arrangement receiving a minimum spacing 

requirement and an actual spacing for each of a plurality 
of aircraft landings and calculating an efficiency score 
based on the actual spacing and the minimum spacing 
requirements for the plurality of aircraft landings; and 

a data distribution arrangement for generating a display 
able file and distributing the efficiency score to users of 
the system. 

11. The system of claim 10, further comprising: 
a data receiving arrangement receiving the actual spacings 

for the plurality of landings from a data source. 
12. The system of claim 11, wherein the data source is a 

passive radar system. 
13. The system of claim 11, wherein the data receiving 

arrangement further receives information relating to the mini 
mum spacing requirements and the calculation arrangement 
determines the minimum spacing requirements based on the 
information. 

14. The system of claim 13, wherein the information 
includes one of a weather condition, a type of aircraft and an 
aircraft size. 

15. The system of claim 10, wherein the calculation 
arrangement Sums the minimum spacing requirements and 
the actual spacings for each of the plurality of landings to 
calculate the efficiency score. 

16. The system of claim 15, wherein the calculation 
arrangement divides the Sum of the minimum spacing 
requirements by the Sum of the actual spacings to calculate 
the efficiency score. 

17. The system of claim 10, wherein the calculation 
arrangement further error checks one of the actual spacings 
and removes the one of the actual spacings from the efficiency 
score calculations if the error checking indicates the one of 
the actual spacings is unreasonable. 

18. The system of claim 17, wherein the error checking 
includes inserting an undetected aircraft between two 
detected aircraft corresponding to the one of the actual spac 
ing, determining a first minimum spacing between a first one 
of the detected aircraft and the undetected aircraft, determin 
ing a second minimum spacing between a second one of the 
detected aircraft and the undetected aircraft and Summing the 
first and second minimum spacings. 

19. The system of claim 18, wherein the calculation 
arrangement determines the one of the actual spacings to be 
unreasonable if a value of the one of the actual spacings is 
greater than the Sum of the first and second minimum spac 
ings. 

20. A system comprising a memory storing a set of instruc 
tions and a process executing the set of instructions, the set of 
instructions being operable to: 

determine a minimum spacing requirement for each of a 
plurality of aircraft landings; 

determine an actual spacing for each of the plurality of 
aircraft landings; and 

calculate an efficiency score based on the actual spacing 
and the minimum spacing requirements for the plurality 
of aircraft landings. 


